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(54) Stent 

(57) A stent wherein a biologically/physiologically 
active substance is loaded on the stent main body in a 
stable manner is provided. The biologically/physiologi- 
cally active substance does not undergo decomposition 
or degradation, the biologically/physiologically active 
substance is gradually released for a prolonged period 
without being rapidly released in a short period. The 
stent to be implanted in a body duct comprises a cylin- 
drical stent main body extending in axial direction and 
having an opening on each end of the axially extending 
stent main body, and a sustained release coating 
formed on the surface of the stent main body from which 
a biologically/physiologically active substance is slowly 
released: wherein said sustained release coating com- 
prises a layer of the biologically/physiologically active 



substance formed on the surface of said stent main 
body, and a polymer layer formed on said biologically/ 
physiologically active substance layer to cover said bi- 
ologically/physiologically active substance layer; and 
said biologically/physiologically active substance layer 
comprises at least one biologically/physiologically ac- 
tive substance; said polymer layer comprises a vapor or 
water-permeable polymer, and a water-swellable sub- 
stance dispersed in said polymer and swollen by ab- 
sorption of the vapor or the water; and cracks are formed 
in said polymer layer when said water-swellable sub- 
stance is swollen by absorbing the vapor or the water, 
and the biologically/physiologically active substance in 
said biologically/physiologically active substance layer 
is released to the exterior of said sustained release coat- 
ing through said polymer layer. 
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Wood vessel. MoOucl. »*". r^^°^r?^nwrM Z opS^ ^ »'» ^ * 

.Ts!,°o sobs.aL ihioh h„ ft. o.ea o, supps..*, 
2 Description of the Related Art 

0003] With the westernization of d.etary habits .n ou country, the numoe p djseases , percutaneous 

SLL(an g inapectoris.car d iacin« 

transluminal coronary angioplasty (PTCA) has been ^deve rape pTCA jp g varjety Qf cases 

dramatically increased. Today ^ 

and the PTCA is applied not only to the cases where PTCA W W a)so tQ (he cases 

.esion (with short lesion length) or the angle ^^^J^^ cases of mu.tivesse. lesion (with 
.herein the .esion is located «^^~J^JZ%^ incision is made in the artery in the thigh 
the stenosis at two or more vessels). PTCA . a ^^ur ' " fe fifst jntroduced through the lumen of 

or arm of the patient to leave the introducer shea* in the nc« or^ agu d ^ ^ ^ fe (o 

the introducer sheath; a hollow tube called a gu.de M "™™™^e is withdrawn; another guidewire and a 
p,ace the guide catheter at the entrance of the ^ »2J^ li ^^ lhlou ^ Bl .eo W 

balloon catheter is inserted in the lumeno^ 

artery of the patientafter the B u ^"? 1 u ^JJ^^ e X; n i ^ balloon is inflated at this lesion at the 
,esion of the blood vessel to place the balloon cat Jeter at the les»n. and ^ ^ ^ 

predetermined pressure for 30 to 60 seconds for once "'^evera. imes y P ^ consequence. 
Inner cavity of the blood vessel at the site of the 

; e o^ir:^ 

Lnd other device has been investigated, and these — are , esion Qf g b , ood vessel or 

herein designates a hollow medical device which » «^« " he g J~ ^ djseases caused by such stenosis 
other body duct to open the lesion and to comprises a metal materia, or a polymer 

or occlusion of the body duct. A stent . a medical *^*££k . y nc|ud ^, hose where in small slots are formed 

significantly prevent the restenosis by using the stent; alon* mgde fay loading ^ s , en , 

l00 05] Recently, various attempts for reducing Of ^ cinostatic for ,ocal and sustainedly releasing 

with various bio.ogica.ly/physio.ogicaHy active subs. ance such as a arc nos _ ^ examp|e jp 

the bio.ogica..y/physio.ogical.y active ^bstance at the •^"^J^J^i {biologica , ly /physio.ogica..y active sub- 
8-33718 A proposes a stent wherein a mixture of a therape ut Kali wostan t a a proposes a stent wherein a 
stance) and'a po.ymer is coated on the surface - «^ ^iSKS ^he surface of the stent main 

bioactive materia, .aver <"**"*^^ materia, layer, 

body, and a polymeric porous materia, layer is formed on the surf a ce °» l »* ce (biologica , ly/p hysio- 

,0006] However, in the case of the stent propose n JP 8^7 ^1 A he he ^ ^ ^ ^ ^ 

logically active substance) is incorporated in *• f^^j^ tenM due t0 the chemical action wHh the polymer, 

position and degradation of the b»logically/phy8^Kally art^bstenw substance . Fo r example, when the 
Lt is. with the problem of the stability of the an acid U "° n ' tS ^ 

polymer selected is polylactic acid, this po.ymer has ^ c ^^ C ^™ he body 9 an d enables the release of the 
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ologically active substance, the decomposition of the polylactic acid will create the problem of the decomposition and 
degradation of the biologically/physiologically active substance. In addition, when the polymer selected has a high 
decomposition speed in the body, release of the biologically/physiologically active substance will be completed in a 
short period (within several days after the implantation) and the stent will suffer from the problem of insufficient sup- 

5 pression of the restenosis of the vascular wall. As a consequence, the stent of the type proposed in JP 8-33718 A is 
associated with the problem of limited combination of the polymer and the biologically/physiologically active substance 
used in the stent in view of preventing the decomposition and degradation of the biologically/physiologically active 
substance, and at the same time, in view of securing a reliable release of the biologically/physiologically active sub- 
stance for a prolonged period (for several weeks to several months after the stent implantation). 

10 [0007] On the other hand, in the case of the stent proposed in JP 9-99056 A, the bioactive material layer (biologically/ 
physiologically active substance layer) and the polymer layer are formed as different layers, so that this stent is free 
from the risk of the decomposition and degradation of the biologically active substance by the action with the polymer. 
In this stent, however, the polymer layer covering the biologically/physiologically active substance comprises a porous 
material wherein passages are defined from one surface to the other surface of the polymer layer, and the biologically/ 

15 physiologically active substance layer is exposed to the outer atmosphere of the stent (atmosphere outside the polymer 
layer) from the time of its production. Therefore, the stent of such structure is associated with the risk that the biologically/ 
physiologically active substance is released through the passages present in the porous material before implanting 
the stent in the body. The stent of this type is also associated with the risk after implanting the stent in the lesion, 
namely, with the risk of the phenomenon that the biologically/physiologically active substance is rapidly released in a 

20 short period (within several days after the implantation), that is, the initial burst, and this stent suffered from the difficulty 
of sustained release of the biologically/physiologically active substance, namely, slow, gradual release of the biologi- 
cally/physiologically active substance for a prolonged period (for several weeks to several months after the implanta- 
tion). 

25 SUMMARY OF THE INVENTION 

[0008] In view of the situation as described above, an object of the present invention is to provide a stent wherein 
the biologically/physiologically active substance can be stably loaded on the stent main body without undergoing de- 
composition or degradation, and at the same time, wherein sustained release of the biologically/physiologically active 
30 substance, namely, slow, gradual release of the biologically/physiologically active substance for a prolonged period 
with no rapid release of the biologically/physiologically active substance is enabled once the stent is implanted in the 
lesion. 

[0009] Such objects are attained by the present invention as described in the following (1) to (9). 

35 (1) A stent to be implanted in a body duct comprising 

a cylindrical stent main body extending in axial direction and having an opening on each end of the axially 
extending stent main body and 

a sustained release coating formed on the surface of the stent main body from which a biologically/physiolog- 
40 ically active substance is released; wherein 

said sustained release coating comprises 

a layer of the biologically/physiologically active substance formed on the surface of said stent main body, 
and 

45 a polymer layer formed on said biologically/physiologically active substance layer to cover said biologically/ 

physiologically active substance layer; and 

said biologically/physiologicafly active substance layer comprises at least one biologically/physiologically ac- 
tive substance; 

50 said polymer layer comprises a vapor or water-permeable polymer, and a water-swellable substance dispersed 

in said polymer and swollen by absorption of the vapor or the water; and 

cracks are formed in said polymer layer when said water-swellable substance is swollen by absorbing the 
vapor or the water, and the biologically/physiologically active substance in said biologically/physiologically 
active substance layer is released to the exterior of said sustained release coating through said polymer layer. 

55 

(2) A stent according to the above (1) wherein said stent main body comprises a metal material. 

(3) A stent according to the above (1) wherein said stent main body comprises a polymer material. 

(4) A stent according to any one of the above (1) to (3) wherein said biologically/physiologically active substance 
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15 



20 



iajer comprises the biological.y/physiologicalty active substance and an additional component wh,ch .mparts tack- 
M^ZZ^ZL* from a carcinostatic, an immunosuppressive, an 

?nH hmmtofc an antihyperlipidemic. an ACE inhibitor, a calcium antagonist, an integnn ,nh,b.tor, an anfallerg.c. 
antrth ombotic. ^JjTJ '° relinoidi flavonoidi carotenoid. a lipid improving agent, a DNA synthes.s 
SST SSi^ "SES antiplatelet, a vascular smooth muscle antiproliferative agent, an antim- 
— yagenf.a^ 

ijof A ^stl acceding to the above (8) or (9) wherein said tow molecular weight salt ,s sodium chlonde. 
BRIEF DESCRIPTION OF THE DRAWINGS 

25 [otr^^S^Xexploded vertical cross-sectional view of the stent o, FIG. 3 when cracks have generated 
roST^eTan electron micrograph (magnification. 1000 x) of the polymer layer surface of the stent of Examp.e 

ative Examp.e 1 after immersing the stent in P*^^*^ cross section of lhe polymer , ay er of the stent 
[001 81 FIG 9 is an electron micrograph (magnification, 2500 x) of tne cross secuon v i 
of Comparative Example 1 after immersing in phosphate buffer solution. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] Next, the stent of the present invention is described in detail by referring to the embodiments shown in the 
stent of the present invention comprises a stent main body and a sustained release coating formed to 

exploded transverse cross-sectional view taken along lines A-A in FIG. 1. FIG. 3 is a paroauy P 
« sectional view taken atong Bnes B-B in i FIG. V g g Qf g bjologically/physiolog i ca | ly 

3 does not necessarily cover the entire surface of the «^«™" a members 2 constituting the 

Next; the components constituting the stent 1 are described in further detail. 



[0015] 

1 after 
30 [0016] 
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[0024] The stent main body is a cylindrical body having an opening on each end and extending in axial direction 
between the opposite ends. The side surface of the cylindrical body is formed with a large number of slots or holes 
which communicates the inner and the outer peripheral surfaces. The cylindrical body is radially expandable/com- 
pressible by the deformation or enlargement of the slots, and this radially expandable/compressible structure enables 
5 implantation of the stent in blood vessel or other vessel, or in bile duct or other body ducts in order to maintain the 
shape of the vessel or the duct. 

[0025] In the embodiment shown in FIG. 1 , the stent main body comprises resilient wires 2, and the stent main body 
is constituted from substantially diamond-shaped units 1 1 having slots in the inside. A plurality of substantially diamond- 
shaped units 11 are connected with each other so that the substantially diamond-shaped shapes are serially arranged 

w in the direction of the minor axis of the diamond to constitute an annular unit 12. The annular unit 12 is connected with 
the adjacent annular unit by a wire resilient member 13, and as a consequence, a plurality of annular units 12 are 
serially arranged in the axial direction with a part thereof connected with each other. Since the stent main body (stent) 
1 has the structure as described above, the stent main body comprises a cylindrical body having an opening on each 
end, and the cylindrical body extends in axial direction between the opposite ends. Since the stent main body (stent) 

15 1 has the substantially diamond-shaped slots, the cylindrical body is radially expandable/compressible by the defor- 
mation of the slots. 

[0026] It is to be noted that, in the present invention, the stent main body is not limited to the embodiment shown in 
the drawings, and included within the scope of the invention are any radially expandable cylindrical body having an 
opening on each end and extending in axial direction between the opposite ends, and having the structure with a large 
20 number of slots formed in the wall communicating the outer and the inner peripheral surfaces to enable the radial 
expansion/compression of the cylindrical body through the deformation of the slots. 

[0027] Typical examples of the radially expandable/compressible stent main bodies include a stent main body as 
disclosed in JP 9-215753 A and JP 7-529 A wherein members formed by bending a resilient wire in coil shape are 
serially connected with each other to constitute a cylindrical body with the spaces between the resilient wires forming 

25 the slots; a stent main body as disclosed in JP 8-502428 A and JP 7-500272 A wherein members formed by bending 
a resilient wire in zigzag shape are serially connected with each other to constitute a cylindrical body with the spaces 
between the resilient wires forming the slots; a stent main body as disclosed in JP 2000-501328 A and JP 11-221288 
A which has been produced by bending a resilient wire in the shape of serpentine flat ribbon, and the thus bent wire 
is helically wound around a mandrel to constitute a cylindrical body, with the spaces between the resilient wires forming 

30 the slots; a stent main body of mesh structure as disclosed in JP 1 0-503676 A wherein the slots are formed in meander 
pattern which are different from the stent main body of FIG. 1; and a stent main body as disclosed in JP 8-507243 A 
which has been produced by bending a plate member in coil shape to constitute a cylindrical stent main body wherein 
the spaces between the adjacent coil members corresponds to the slots. Other typical examples include cylindrical 
stent main bodies of different structures as disclosed in JP 4-68939 B wherein a resilient plate member is helically 

35 formed into a cylindrical body, with the spaces between the resilient plate members forming the slots; or wherein a 
resilient wire has been braided into a cylindrical body, with the spaces between the resilient wires forming the slots. In 
addition, the stent main body may be in the form of a coil of a plate spring, multiple helix, special pipe, and the like. 
There are also disclosed in FIGS. 2(a) and 2(b) of JP 4-68939 B a stent main body formed by helically winding a 
resilient plate member into a cylindrical body, and such cylindrical stent main body having expandable/compressible 

40 structure without providing any slot on the side wall may also be used as the stent main body of the present invention. 
All of the above publications and patent documents are herein incorporated by reference. 

[0028] The means used for the expansion of the stent main body after leaving the stent in place is not particularly 
limited. The stent may be a self-expanding stent which expands in radialfy outward direction by its own restoring force, 
for example, by removing the strength which had maintained the stent main body folded in the smaller size. Alternatively, 
45 the stent may be a balloon-expandable stent wherein the stent main body is expanded in radially outward direction by 
an exterior force applied from the interior of the stent by an inflating balloon. 

[0029] The stent main body may comprise a material such as a polymer material, a metal material, or a carbon fiber 
or ceramics, and the material used is not limited as long as the resulting stent has a certain degree of rigidity and 
elasticity. The stent, however, may preferably comprise a biocompatible material. Exemplary polymer materials used 

50 include polyethylene, polypropylene, and other polyolefins; polyethylene terephthalate and other polyesters; cellulose 
acetate, cellulose nitrate, and other cellulose polymers; polytetrafluoroethylene, tetrafluoroethylene-ethylene copoly- 
mer and other fluorine-containing polymers. Exemplary metal materials include stainless steel, tantalum, titanium, 
nickel-titanium alloy, tantalum-titanium alloy, nickel-aluminum alloy, inconel, gold, platinum, iridium, tungsten, and co- 
balt-based alloy. Of the stainless steel materials, SUS 316L is the most preferred in view of the corrosion resistance 

55 of highest degree. 

[0030] The stent main body can be most favorably made when the material used is a material adequately selected 
from the materials as mentioned above according to the lesion where the stent is applied and the mean of its expansion. 
For example, when the stent main body is formed from a metal material, the stent can be reliably implanted in the 
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.esion since a .eta, materia, is sufHcient in strength. On the o^er hand, when ^ 3 
P o.ymer materia., the stent wi.. enjoy excellent %?£^™^£Z a suoerelastic al.oy such as 
[0 031] When the stent is a self-expandable stent he st ent . ; pre e y ^ ^ fe g 

rssLsr.is issrsss - s- - - - — » -* - 

IS '*£ 'STSTirt ■»* «»"«' *»» ' -*» r ' te *• *" Ms hl9h s """" h "* " 

Mbilil, tod safety to impM.Son M. MM ** ^ ^ , „ sp()W . Whs-1 

when the stent main body is const-tuted from othe Sance layer is formed on the stent main body to 
example, a sheet member, the ^^^^Xe JoSS physiologically active substance layer 3 
cover the surface of the constituent hke a sheet member .^^^^^tog^ active substance 

contains a. least one bio.ogica.ly/phys.o.og.cal^ '^V^^Z^^^ ^ P articu,ar type 35 1009 38 1 
incorporated in the biologically/phys.olog.cally active substance laye ns no. y p ^ ^ 

has the effect of suppressing the res.enos.s of the lesion after «np anhng the _sten t o P iy an an . 

mycophenolatemofetil, gusperimus hydrochloride, and ^"° n ^ cin nydrocn , oride . actinomycin D. daunoru- 
chloride, peplomycin sulfate, and zinostatin stimalamer. ai . hiomalate penic illamine. and lobenzarit disodium. 

iTL««K«£2^^ 

s??£n semes* ^ — .. * 

hydrochloride, and nisoldipine. 

[00451 Exemplary preferable antiallergics include tramlast. 

growth factor). ^stance layer may contain only one of the biologically/physiologically 

[0051J different biologically/physiologically m*.^ 

above. 
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[0052] The method employed to form the biologically/physiologically active substance layer 3 on the surface of the 
wire member 2 constituting the stent main body is not limited to any particular method as long as the biologically/ 
physiologically active substance layer 3 can be uniformly deposited on the surface of the wire member 2 constituting 
the stent main body. For example, the layer 3 can be deposited by heating and melting the biologically/physiologically 

5 active substance, and coating the molten substance on the surface of the wire member 2 constituting the stent main 
body; or by heating and melting the biologically/physiologically active substance, and dipping the stent main body in 
the molten biologically/physiologically active substance followed by cooling and solidification of the biologically/phys- 
iologically active substance to thereby form the biologically/physiologically active substance layer 3. Alternatively, the 
layer 3 may be formed by dissolving the biologically/physiologically active substance in an adequate solvent to thereby 

10 form a solution and dipping the stent main body in the solution, and after recovering the stent main body from the 
solution, removing the solvent by evaporation or other method to thereby form a coating on the wire member 2 con- 
stituting the stent main body; or by coating such solution on the wire member 2 constituting the stent main body by 
spraying such solution with a spray device or other means, or by accomplishing the coating by other means, and 
removing the solvent by evaporation or other method to thereby form a coating on the wire member 2 constituting the 

15 stent main body. 

[0053] It is to be noted that, when the biologically/physiologically active substance is insufficient in adhesion to the 
wire member 2 constituting the stent main body, and the biologically/physiologically active substance used alone is 
unlikely to be able to form a layer on the surface of the wire member 2 constituting the stent main body, the solution 
is preferably supplemented with an additional component which imparts tackiness to the biologically/physiologically 

20 active substance. To be more specific, when the biologically/physiologicaily active substance is a water soluble, low 
molecular weight substance having a molecular weight of up to 1000, the solution is preferably supplemented with the 
additional component, for example, a saccharide such as a monosaccharide, a disaccharide, an oligosaccharide, or 
the like, or a water-soluble vitamin. When the biologically/physiologically active substance is a water soluble, high 
molecular weight substance having a molecular weight of over 1000, the solution is preferably supplemented with the 

25 additional component which is dextran, hydroxy ethyl cellulose, or the like. When the biologically/physiologically active 
substance is a fat soluble substance, the solution is preferably supplemented with the additional component which is 
a low molecular weight higher fatty acid having a molecular weight of up to 1000 such as a fish oil, a vegetable oil, a 
fat-soluble vitamine such as vitamine A or vitamine E. 

[0054] It is to be noted that, when there is an adequate solvent for dissolving the biologically/physiologically active 
30 substance, and the biologically/physiologically active substance used alone is capable of forming a layer on the surface 
of the wire member 2 constituting the stent main body, the layer 3 can be most conveniently and favorably formed by 
preparing a solution of the biologically/physiologically active substance alone in the solvent, and dipping the stent main 
body in the solution followed by drying, or alternatively, by spraying such solution on the wire member 2 constituting 
the stent main body followed by drying. 
35 [0055] The biologically/physiologically active substance layer 3 may have a quantity adequately determined depend- 
ing on the shape and size of the stent. To be more specific, the quantity may be adequately determined so that the 
effect of releasing the biologically/physiologically active substance is sufficiently achieved without detracting from the 
performance of the stent main body such as deliverability of the stent to the lesion and reduced irritation for the blood 
. vessel wall. The quantity of the biologically/physiologically active substance layer 3 is preferably in the range of 0.1 to 
40 3mg(/cm 2 ). 

[0056] In the stent of the present invention, the polymer layer 4 is formed on the biologically/physiologically active 
substance layer 3 as described above to cover the layer 3. The polymer layer 4 comprises a vapor or water-permeable 
polymer having a water-sweliable substance 5 dispersed in the water-permeable polymer. The water-swellable sub- 
stance 5 is swollen when it absorbs the vapor or the water. 
<s [0057] The polymer constituting the polymer layer 4 is vapor or water permeable, and cracks are formed in this 
polymer when the water-swellable substance 5 dispersed therein is swollen by absorbing the vapor or the water. To 
be* more specific, this polymer satisfies the following conditions: 

• water content: less than 10% (35°C) 

50 

• coefficient of vapor permeability: more than 10- 7 [cm 3 (STP) (cm s-cmHg) - 1 ] 

• tensile strength: up to 30 MPa 

55 • tear strength: up to 100 kg/cm 

[0058] The polymer constituting the polymer layer is not particularly limited as long as it satisfies the conditions as 
described above. The polymer, however, is used for a stent which is implanted in the body, and therefore, should be 
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aroup those wherein the alkyl group is partly substrtuted w.tn nyo w , ysi , oxa ne is methyl group. The 

Sen modified. However. 90% or more of the a ky. grou P^^^*^ SOo'cps. and a hardness after the 
Hicone elastomer may preferably ^r^f^^SSum of a two part silicone elastomer is preferable 

1 nd the B/A may preferably have a melt (low rate (MFR) 1 to 60 g/10 m,n. 

ne polymer layer 4, and the method employed to JP ^^ substance layer 3 is fully covered with the 
not particularly limited as long as the ^^'^^^^j^^A.^^^^^ 
f^^^e^^^^^ 6 ^^^^ ^solved in a solvent to prepare a solution 
a method wherein the polymer and the ^^" e ^S^iologtaany active substance layer 3 is dipped 
and the stent main body preli ™" ari *<^ is sprayed on the wire member 2 constitute 

ISr^Snessofthepolyme^ 

Lbstance layer 3 so as not '-^•^jSr^^J^ formed to a thickness of 1 to 75 pm. more 
reduced irritation to the vascular wall. The po^e ^ aye r 4 is P y ^ ^ ^ ^ when ^ po|ymer ayer 

preferably to a thickness of 10 to 50 jon. and mos substan ce 5 dispersed in the polymer layer 
4 has a thickness of less than 1 ^m. the pa rt ,c^s,zeo^ 

exceeds the thicknessof the polymer layer and the polymedayerw ^ ^ polymer , ayer 

and in particular the deliverability to the lesion. as , he substan ce is swollen by absorbing 

10065] The water-swellable substance 5 ,s ^PJ""*"* p " n t of view even if it dissolved into blood or other body 
ne vapor or the water and the substance is safe in med «JP^ 1 ™ ular weigW subslanc e. However, use of 

fluid, and it may be either a high mo.ecu.ar weight as a meta , chelate of polyacrylate for the 

fine particles o. a high molecular weight. ^^J^SEn" , he substance which has dissolved into the 
water-swellable substance is associated molecular weight of up to 1000 which is free from 

body fluid, and use of a low molecular ^^^TJ^t substance used is preferably a low molecular 
such risk is preferable. To be more specif* the derived by neutralization between the ac,d and 
weight salt (the term "low molecular we.ght salt is an ionic compa , , 4 . More preferably, 

de base) having a molecular weight of up .0 1000 ^ 

the low molecular weight salt is a salt '^^i^^hlwide solium carbonate, sodium hydrogen carbonate, sodium 
such low molecular weight salts ^ d 7** S £ lactate, sodium acetate, and sodium salt of an 
dihydrogen phosphate, sodium ™"° h * dr ^ n monohydrogen phosphate. potass.um 
amino acid, potassium chloride, potassium ^ogen Pj^J^^ sulfate . mag nesium chloride and magne- 
lactate. potassium acetate and potassium s**™™™*^™^ pressure in the polymer layer 4 and dissolution 

*TeC-:~ 

it 0.05 to 5% by mass, and most preferably a OA ^J^Z^e 5 is in excess of 10% by mass in relation 
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polymer layer 4 upon swelling of the water-swellable substance by the water or vapor absorption to result in the difficulty 
of controlling the release speed of the biologically/physiologically active substance. On the other hand, when the con- 
centration of a low molecular weight salt is less than 0.01% by mass, there is a risk that the cracks generated in the 
polymer layer 4 are insufficient with the biologically/physiologically active substance failing to be released outside the 

5 sustained release coating. 

[0067] The particle size of the water-swellable substance 5 at the addition to the polymer layer 4 is not particularly 
limited as long as the size allows smoothness of the outer surface of the polymer layer 4 and generation of the cracks 
in the polymer layer 4. The particle size, however, is preferably in the range of 1 to 50 urn, more preferably 3 to 30 um, 
and most preferably 5 to 30 urn in view of the thickness of the polymer layer 4. 

10 [0068] Any desired combination of the polymer to constitute the polymer layer 4 and the water-swellable substance 
5 may be chosen as long as the cracks are generated in the polymer upon swelling of the water-swellable substance 
by the water or vapor absorption. The preferable combination, however, is use of sodium chloride having a particle 
size of 5 to 30 \im as a water-swellable substance dispersed in the silicone elastomer as described above at a con- 
centration of 0.1 to 2.5% by mass. 

15 [0069] Next, mechanism of the release of the biologically/physiologically active substance from the sustained release 
coating is described. 

[0070] Once the stent 1 is implanted in the lesion, the vapor or the water that has been present in the body duct 
starts to intrude into the polymer layer 4. The term "vapor" used herein is the one formed by vaporization of the blood 
or other body fluid in the body duct. The vapor or the water that has intruded into the polymer layer 4 then becomes 
20 entrapped in the water-swellable substance 5 in the polymer layer 4, and the water-swellable substance 5 that en- 
trapped the water or the vapor is swollen by absorbing the water or the vapor. As a consequence, volume of the water- 
swellable substance 5 increases in the polymer layer 4 as shown in FIG. 4. 

[0071] The polymer constituting the polymer layer 4 then receives continuous force from the swelling water-swellable 
substance 5, and breakage occurs at various parts of the polymer resulting in the cracks 6 of the polymer layer 4 as 
25 shown in FIG. 5. The cracks 6 occur at a number of sites in the polymer layer 4 as shown in FIG. 5 as the consequence 
of the continuously applied force by the swelling of the water-swellable substance 5, and a network of cracks is formed 
by the linking of the cracks 6. This network finally penetrates the polymer layer 4, efhd a passage is formed in the 
polymer layer 4 to enable moving of the biologically/physiologically active substance. 

[0072] Through this passage, the body fluid and other fluids in the body duct becomes in contact with the biologically/ 
30 physiologically active substance layer 3, and the biologically/physiologically active substance then dissolves into the 
fluid. This mechanism is not affected by the properties of the biologically/physiologically active substance, namely, 
whether the biologically/physiologically active substance is water- or fat-soluble since most of the body fluids including 
the blood contain fatty components in addition to the water which constitutes most of the fluid. 
[0073] It is believed that the thus dissolved biologically/physiologically active substance passes through the passage 
35 formed in the polymer layer 4 to be released to the exterior of the sustained release coating. When the water-swellable 
substance 5 is sodium chloride or other low molecular weight salt, the salt will dissolve into the body fluid or other liquid 
to become released through the passage to the exterior of the sustained release coating. The space where the water- 
swellable substance 5 had occupied then becomes empty, and this space will form a part of the passage as described 
above. 

40 [0074] As described above, in the stent 1 of the present invention, there are no passages communicating the bio- 
logically/physiologically active substance layer 3, and the surface of the stent 1 (the surface of the polymer layer 4) 
before the insertion of the stent in the body and contact of the stent with the blood or other body fluid. The passage is 
formed in the polymer layer 4 only after the implantation of the stent in the lesion of the body duct and contact of the 
stent with the body fluid. As a consequence, the biologically/physiologically active substance is prevented from being 

45 rapidly released in a short period (within several days after the implantation of the stent 1 in the lesion), and instead, 
the biologically/physiologically active substance undergoes a sustained, gradual release for a prolonged period (in 
several weeks to several months after the implantation of the stent 1 in the lesion). The release of the biologically/ 
physiologically active substance from the stent 1 is also prevented before the insertion in the body. 
[0075] Furthermore, in the stent 1 of the present invention, the polymer layer 4 and the biologically/physiologically 

50 active substance layer 3 are separately provided as different layers, and this stent is free from the problem of the 
biologically/physiologically active substance being decomposed or degraded by the action of the polymer. As a con- 
sequence, the biologically/physiologically active substance can be loaded on the wire member 2 constituting the stent 
main body in a stable manner until it is released from the stent 1. Also, no limitation is set on the combination of the 
polymer and the biologically/physiologically active substance. 

55 

EXAMPLES 

[0076] Next, the present invention is described in further detail by referring to the Examples which by no means limit 
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the scope of the present invention. 
Example 1 



) 



5 



50 



55 



txampie i 

k a , ma i»ri a i SUS316U having substantially diamond-shaped slots as shown in 
[0077] A cylindrical stent ma.n body (matenal, SUS 316L) nav.ng , ^ ^ Qf 

1 FIG 1 was Jsed. This stent main body had an -ter dieter 0 ™™^J^% erMt referre d to as "VS") in 
, he wire member (width. 0.2 mm) was sprayed with a and , J substa nce was used as a biolog- 

dichloromethane (VS concentration. 10% by weight) . VS • , WATA) was used in the spraying. It was 

ically/physiologically active substance. A hand s pray (HP-C y wire member constituting the stent main 
then confirmed that about 2 mg of VS was ^°^^!^ ^|g t °^g d to fbrrn a layer of the biologically/physiologically active 
body. The solvent, dichloromethane was complet ely ^.hzed to f0 m y e|aslomer (M ED-4211. manufac- 

substance (VS layer) on the surface of the sten ma bod* Ne was dispersed in 89 g of hexane 
tured by NUSIL) prepared by add.ng 1 g of a cunng agent to 10 1 « a £ w) gnd sodium ch , orid e fine 

physiologically active substance (VS) i rele f se J , jn 50 m| of phosp hate buffer solution (pH 

L stent was determined by measunng a^ 

2400PC. manufactured by Sh.madzu), and ^^^TJJJL amounl 0 f the VS released shown in Table 1 .s 

ime (day), and that the VS was slowly released ^ abo^ 4 weete ^ J the polymer layer after the dipping in 
[00821 For the stent of the Example 1. electron rn-crog f ^J^L micrograph (1000 x) of the polymer 
he phosphate buffer solution for 24 hours were taken. FIG_6 i* »a . Jcnw can be conf|rmed 

after the dipping in the phosphate ^^,^^£^(1500 x of the polymer layer after the 
in this electron micrograph. FIG. 7 ,s a cross sect, °^' ^^^^^'^ fhe polymer layer is indicated in this electron 
dipping in the phosphate buffer -^^J"^^^ dippmg proved generation of the cracks in the 
micrograph. The holes and cracks found .n the polymer , aye r afteMhe pp gp ^ 

X ^^^^^^ rLase coatin9 by the swe,,in9 of the waler " 



swellable substance, 
Example 2 



[0083] ^^«™=SS1= 

sprayed with a solution of VS in d.chloromethane J^^™ of the wire member constituting the stent mam 
men confirmed thai about 2 mg of VS was » *^ ££S • <U of the biologically/physiologically active 

body. The solvent, dichloromethane was complet ^f^™™^ by ad ding 1 g of a curing agent to 10 g of 
substance on the surface of the stent ma.n body. NextMED 4211 prepa J concentration , 1M by 

a base compound was dispersed ,n 89 g °' 

weight), and sodium chloride fine powde ^^^^L,™, and the curing agent of the silicone elastomer 
ofthesodiumch.orideinrelationtothetota.we.ghtof^ using a hand spray . After 

and the sodium chloride was 1.0% by we.ght. Resulting soM °" gctjve subslance , ayer . the stent 

confirming that the polymer layer had fully covered ^^JJJJyer T he polymer layer after the thermosetting 

was heated in an oven at 60>C for 24 hours tc .thereby f o m h ^J^JJ-J^^ the biol ogical.y/physio.o 9 ical.y 

r e r^Tvs)=fd^ 
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in Table 1 . As in the case of Example 1, the amount of the VS released is indicated by the proportion (%) in the amount 
of the VS that had been coated on the wire member constituting the stent main body. 

[0084] As evident from Table 1, it was confirmed that the amount of the VS released increased with the increase in 
time (day), and that the VS was slowly released for about 4 weeks with no rapid release in short period (initial burst). 

Comparative Example 1 

[0085] The outer surface of the wire member constituting the stent main body which is the same as Example 1 was 
sprayed with a solution of VS in dichloromethane (VS concentration, 10% by weight) by using a hand spray. It was 
then confirmed that about 2 mg of VS was coated on the outer surface of the wire member constituting the stent main 
body. The solvent, dichloromethane was completely volatilized to form a layer of the biologically/physiologically active 
substance on the surface of the stent main body. Next, MED-4211 prepared by adding 1 g of a curing agent to 10 g of 
a base compound was dispersed in 89 g of hexane to prepare a solution (silicone elastomer concentration, 10% by 
weight), and this solution was sprayed by using a hand spray. After confirming that the polymer layer had fully covered 
the biologically/physiologically active substance layer, the stent was heated in an oven at 60°C for 24 hours to thereby 
. form the polymer layer. The polymer layer after the thermosetting had a thickness at an average of 50 u.m. This stent 
was evaluated for the amount of the biologically/physiologically active substance (VS) released. The measurement 
was conducted as in the case of Example 1 . The results are shown in Table 1 . As in the case of Example 1 , the amount 
of the VS released is indicated by the proportion (%) in the amount of the VS that had been coated on the wire member 
constituting the steni main body. 

[0086] As evident from Table 1 , it was confirmed that the VS is barely released in the system wherein the polymer 
layer does not contain sodium chloride. 

[0087] For the stent of the Comparative Example 1, electron micrographs (1000 x) of the polymer layer after the 
dipping in the phosphate buffer solution for 24 hours were taken. FIG. 8 is a frontal electron micrograph of the surface 
of the polymer layer after the dipping in the phosphate buffer solution, and absence of holes in the polymer layer can 
be confirmed by comparing the photomicrograph with FIG. 6. FIG. 9 is a cross sectional electron micrograph (2500 x) 
of the polymer layer after the dipping in the phosphate buffer solution, and absence of the holes and the cracks can 
be confirmed by comparing the photomicrograph with FIG. 7. 

Example 3 

[0088] The outer surface of the wire member constituting the stent main body which is the same as Example 1 was 
sprayed with a solution of epigallocatechin gallate (hereinafter referred to as "EGCG", which is a polyphenol and an 
antioxidant) in ethanol (EGCG concentration, 10% by weight) by using a hand spray. It was then confirmed that about 
2 mg of EGCG was coated on the outer surface of the wire member constituting the stent main body. The solvent, 
ethanol was completely volatilized to form a layer of the biologically/physiologically active substance on the surface of 
the stent main body. Next, MED-4211 prepared by adding 1 g of a curing agent to 10 g of a base compound was 
dispersed in 89 g of hexane to prepare a solution (silicone elastomer concentration, 10% by weight), and sodium 
chloride fine powder (particle size, up to 30 ^m) was added to this solution so that the concentration of the sodium 
chloride in relation to the total weight of the base compound and the curing agent of the silicone elastomer and the 
sodium chloride was 2.5% by weight. The resulting solution was then sprayed by using a hand spray. After confirming 
that the polymer layer had fully covered the biologically/physiologically active substance layer, the stent was heated 
in an oven at 60°C for 24 hours to thereby form the polymer layer. The polymer layer after the thermosetting had a 
thickness at an average of 50 urn. This stent was evaluated for the amount of the biologically/physiologically active 
substance (EGCG) released. 

[0089] The measurement was conducted by dipping the resulting stent in 50 ml of phosphate buffer solution (pH 
7.6), and placing the solution in a thermostat bath at 37°C. Sample of the phosphate buffer solution was collected at 
a predetermined time interval to measure the amount of the EGCG released. 

[0090] The amount of the EGCG in the collected phosphate buffer solution, namely, the amount of the EGCG released 
from the stent was determined by measuring absorbance at a wavelength of 275 nm by using a spectrophotometer, 
and calculating the amount by using a calibration curve which had been prepared in advance. The results are shown 
in Table 2. It is to be noted that the amount of the EGCG released shown in Table 1 is indicated by the proportion (%) 
in the amount of the EGCG that had been coated on the wire member constituting the stent main body. 
[0091] As evident from Table 2, it was confirmed that the amount of the EGCG released increased with the increase 
in time (day), and that the EGCG was slowly released for about 4 weeks with no rapid release in short period (initial 
burst). 
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Comparative Example 2 

sprayed with a solution of EGCG ,n ethanol ^^^^^ J. w i re member constituting the stent main 
confirmed that about 2 mg of EGCG was biologically/physiologically active substance 

body. The solvent. '^^'^^'^SS^Xi^ ° f 3 cufing agent '° 1 ° 9 ° f 3 ^ 
on the surface of the stent main body. Nex ^^7Xon (sLone elastomer concentration, 10% by weight), 
compound was dispersed in 89 g of hexane to prepare that the polymer iayer had fully covered the 

and this solution was sprayed by us.ng a hand spray. Afte confirm g ^ ^ ^ ^ {q lherefay 

bio.ogica.ly/physio.ogically active substance layer the « s ^ a{ g „ average of 50 , m . This stent 

form the polymer layer. The P° y me ; ,a f e ^ a " '"^^^ ^tive substance (EGCG)- released. The measurement 
was evaluated for the amount o the ^^^g^^S^ Table 2. As in the case of Example 3. the amount 

layer does not contain sodium chloride. 

Table 1: 
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had In coated on the wire member constituting the stent mam body. 
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MERIT OF THE INVENTION 

[0096] As described above, the present invention is directed to a stent to be implanted in a body duct, and this stent 
comprises the stent main body and the sustained release coating formed on the surface of the stent main body. The 

5 sustained release coating comprises the biologically/physiologically active substance layer which is formed on the 
surface of the wire members constituting the stent main body and contains at least one biologically/physiologically 
active substance, and the polymer layer formed on the biologically/physiologically active substance layer to cover the 
biologically/physiologically active substance layer. The polymer layer comprises the vapor or water-permeable polymer, 
and the water-swellable substance dispersed in the polymer and swollen by absorption of the vapor or water. Since 

10 cracks are formed in the polymer layer when the water-swellable substance is swollen by the vapor or water, and the 
biologically/physiologically active substance layer is released to the exterior of the sustained release coating through 
the polymer layer, the biologically/physiologically active substance can be stably loaded on the stent main body without 
undergoing decomposition or degradation. In addition, once the stent is implanted in the lesion, the biologically/phys- 
iologically active substance undergoes a sustained release, namely gradual release for a prolong period without being 

15 rapidly released in a short period. 

[0097] When the stent main body is formed from a metal material, reliable implantation of the stent at the lesion is 
enabled due to the excellent strength of the metal material. 

[0098] When the stent main body is formed from a polymer material, the stent enjoys the merit of excellent deliver- 
ability to the lesion since the polymer material is highly flexible. 

20 [0099] When the biologically/physiologically active substance layer is solely formed from the biologically/physiolog- 
ically active substance, the biologically/physiologically active substance layer can be formed by a simple procedure. 
[01 00] When the biologically/physiologically active substance used alone is insufficient in its adhesion to the surface 
of the wire members constituting the stent main body, an additional component which imparts tackiness to the biolog- 
ically/physiologically active substance layer may be mixed with the biologically/physiologically active substance to 

25 thereby improve the adhesion to the wire members constituting the stent main body. 

[0101] The stent can suppress the restenosis of the lesion where the stent has been implanted when the biologically/ 
physiologically active substance is at least one member selected from a carcinostatic, an immunosuppressive, an 
antibiotic, an antirheumatic, an antithrombotic, an antihyperlipidemic, an ACE inhibitor, a calcium antagonist, an integrin 
inhibitor, an antiallergic, an antioxidant, a GPIIb/llla antagonist, retinoid, flavonoid, carotenoid, a lipid improving agent, 

30 a DNA synthesis inhibitor, a tyrosine kinase inhibitor, an antiplatelet, a vascular smooth muscle antiproliferative agent, 
an antiinflammatory agent, a biological material, an interferon, and a NO production accelerator. 
[0102] The biological safety of the stent will be particularly high when the polymer layer is formed from a polymer 
selected from a silicone polymer, a cellulose polymer, a polyurethane, a polyester, a vinyl polymer, an acrylic polymer, 
and a thermoplastic elastomer. 

35 [0103] The dispersion of the water-swellable substance in the polymer layer will be facilitated when the water-swella- 
ble substance is a low molecular weight salt having a molecular weight of up to 1000. 

[0104] When a low molecular weight salt is the salt which is found in a body, the stent produced is highly safe due 
to the low irritation of the low molecular weight salt. 

[0105] When the low molecular weight salt used is sodium chloride, the safety of the stent is further improved since 
40 sodium chloride is a substance which is thoroughly found in a body. 



Claims 

45 1. A stent to be implanted in a body duct comprising 

a cylindrical stent main body extending in axial direction and having an opening on each end of the axially 
extending stent main body and 

a sustained release coating formed on the surface of the stent main body from which a biologically/physiolog- 
50 ically active substance is released; wherein 

said sustained release coating comprises 

a layer of the biologically/physiologically active substance formed on the surface of said stent main body, 
and 

55 a polymer layer formed on said biologically/physiologically active substance layer to cover said biologically/ 

physiologically active substance layer; and 

said biologically/physiologically active substance layer comprises at least one biologically/physiologically ac- 
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tive substance; De rmeable polymer, and a water-swellable substance dispersed 
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FIG. 2 
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